Purified DNA polymerase from AMV was exposed to thermal inactivation in the presence and absence of various compounds required for maximal activity. A synergistic protective effect was noted when all the components were present. The enzyme showed a distinct preference for primed templates, especially for its native 70S RNA. Heat inactivation studies also suggested that the active sites for RNase H and that for the polymerase were not identical.
It is well established that AMV DNA polymerase may initiate transcription of viral 70S RNA utilizing either a naturally occurring RNA or a synthetic oligodeoxynucleotide as a primer (1) . As with most other DNA polymerases, the enzyme cannot synthesize DNA chains de novo using a single stranded template alone, since a 3'-OH containing primer molecule is required for initiation of synthesis. Thus addition of the primer oligo dT to AMV 70S RNA resulted in a six-fold stimulation in the template activity of the RNA (2), probably because of priming of the poly rA tract in the 70S RNA molecule (3) . We have recently reported chemical modification of adenosine residues in poly rA (4) and AMV 70S RNA which resulted in their .inactivation as templates (2) . The modified 70S RNA was also found to completely inhibit the transcription of unmodified 70S RNA. By contrast, inhibition was not observed when oligo dT primed 70S RNA was used as the template-primer, suggesting a preference by the enzyme for transcription of oligo dT primed regions of the 70S RNA (2). These initial observations prompted us to investigate further the effects of priming naturally occurring or synthetic templates on polymerase recognition. We have used heat inactivation of the polymerase in the presence or absence of its substrates as a means to evaluate the effect of template priming. We have also determined the kinetics of thermal inactivation of RNase H activity in an attempt to show whether the polymerizing and nuclease activities reside at the same catalytic site or share common elements for their respective sites, MATERIALS AND METHODS Reagents: Unlabeled and labeled triphosphates were obtained from Schwarz/Mann Bioresearch, specific activities (Ci/mmole) were ; dTTP, 17.3; dATP, 20; dCTP, 30; dGTP, 20; UTP. 12. Whatmann phosphocellulose,P-ll was from H. Reeve Angel, Inc. Calf thymus DNA was obtained from Worthington Biocbemicals and "activated" calf thymus DNA was prepared by limited DNase I digestion as described (5) . All synthetic polynucleotides used were obtained from Collaborative Research.
Virus: Avian Jiyeloblastosis Virus (AMV) was obtained from the plasma of infected chicks provided through contract N01CP33291 within the Virus Cancer Program of the National Cancer Institute. The virus was concentrated and purified as described (6) .
Enzymes: AMV DNA polymerase was assayed essentially as described (7) . The reaction mixture contained in a final volume of 0. (Fig. 1 ) .
Similar experiments were carried out to monitor the mode TIME (mm) Fig. 1 Thermal inactivation of AMV DNA polymerase at different temperatures in the absence of substrates: aliquots containing an equal amount of the enzyme (10 Mg) were preincubated at temperatures indicated, samples were assayed under normal assay conditions using rA * dT io_i8 t e m P l a t e ' Control samples were removed for assay at zero time to give the initial activity of the enzyme, k obtained (slope = --) is the first order rate 2.3 constant of thermal inactivation. Insert shows Arrhenius plot relating k to heating temperatures. = 2 l R ' f + Const.). (Fig. 3 ) . Upon priming 70S RNA with oligo dT, a significant increase in protective ability was noted which was absent in parallel experiments using (Table 1) and are in complete agreement with our previously reported results (2) . It is of interest to note that primed 70S RNA binds to the enzyme to a greater extent than any synthetic primed templates including activated DNA (Fig. 3 ) , indicating a preference of the AMV DNA polymerase to form a strong enzyme-ligand complex with its cognate substrate. However, upon chemical modification of intact 70S RNA to its eA analogue and its subsequent priming, such protection could not be noted due to the inability of the modified adenine residues to base pair with oligo dT.
Since RNA dependent DNA polymerase is a multisubstrate enzyme, it was of interest to investigate the cooperative Table 1. protection by substrates against heat inactivation. The results presented in this report clearly show that template molecules protect the DNA polymerase activity and this protection was greater than the sum of the protective effect of each component acting along (Table 2) . Protection against heat inactivation may be a useful assay for interaction between AMV DNA polymerase and the various substrates involved in the enzyme activity.
The heat inactivation experiments lead us to investigate the possibility'of dissociating the polymerase from the nuclease (RHase H) activity by heat treatment. Upon heating enzyme fractions at 40° for 20 min. RNase H activity was retained with a concomitant loss of the polymerase activity. Comparison of energy of activation for the polymerase activity Ea = 9.8 kcal/mole and that for the RNase H Ea = 59 kcal/roole shows a significant difference. This strongly suggests that few if any of the amino acid residues which make up the respective active sites are shared. These results imply that the two activities have independent catalytic and perhaps binding sites. In addition to this treatment can be adapted as a procedure for the preparation of RNase H free of all polymerase activity.
